Conclusions: Both the local rotational fasciocutaneous flap and the myocutaneous flap of the gluteus maximus muscle in V-Y flap can be used in the surgical treatment of sacral ulcers. In our experience, a reduced success rate and more complications were found in the local fasciocutaneous reconstructive method.
Introduction: Decubitus ulcers of the sacral region are common conditions in bedridden patients. Deep lesions (Stages III and IV) often require surgical treatment for closure. Flaps of the region are the first choice for treatment. We present our experience in the treatment of these lesions and compare two different approaches: local fasciocutaneous flap and gluteus maximus myocutaneous flap with V-Y advancement. Method: From March 2009 to May 2014, 32 patients underwent closure of sacral pressure ulcers by flaps, 17 of them with rotational local fasciocutaneous flaps and 15 with myocutaneous flaps of the gluteus maximus muscle with V-Y advancement. Evolution regarding complications and rate of success after two months was compared between the groups. Results: Out of the 32 operated patients we obtained resolution of lesions after two months in 23 (71.8%), 10 patients in the fasciocutaneous flap group (58.8%) and 13 cases in the myocutaneous flap group (86.6%). The most common complication was partial dehiscence of sutures in 12 patients (37.5%), 8 patients in the fasciocutaneous flap group (47%) and 4 patients in the myocutaneous flap group (26.6%). The group of patients reconstructed with local fasciocutaneous flaps presented 3 cases with seroma, one with hematoma and 6 with partial cutaneous necrosis; these patients also required more drainage time.
Introduction
Pressure ulcers commonly affect patients who are bedridden, suffering from acute or chronic diseases. 1 Among patients who are subject to a long hospital stay, the prevalence rates of these lesions reach 27.7% in the United States, 2 and 10.95% in a study conducted in the city of São Paulo. 3 Recent data indicate a 63% increase in the number of hospital admissions related to decubitus ulcers during the last 10 years, and the main diagnosis at admission was sepsis. 4 Pressure ulcers are caused by various pathogenic mechanisms. Factors such as direct pressure, tissue slippage, friction and local humidity are directly related to the onset of these lesions. 5, 6, 7, 8 In addition, factors directly related to the patient are also influential, such as age, decreased mobility, loss of awareness, mental deficiency, fecal or urinary incontinence, infection, anemia, hypoproteinemia and diseases that impair microcirculation. 6, 7 However, molecular mechanisms responsible for its emergence have not yet been fully understood. 9 Recently, an update of the classification of decubitus ulcers by degree of depth and tissue involvement was published 10 :
• Suspicion of deep tissue injury: localized purplish area of intact skin or bullous lesion filled with blood because of underlying soft tissue damage due to pressure or shear.
• Stage I: intact skin with hyperemia in an area normally located over bone prominence. • Stage II: loss of partial thickness of the dermis presenting as a shallow ulcer with pink bed, or bullous lesion with exudate.
• Stage III: total loss of tissue thickness, with visible subcutaneous but without muscular or tendinous exposure, with possible presence of detachment and tunneling.
• Stage IV: total loss of tissue thickness with bone, tendon or muscle exposure. • Unclassifiable: Total tissue loss in which the base of the lesion is covered by necrosis or fibrin.
In patients with stage I and stage II lesions, treatment is aimed at removing the causal factor to avoid progression and local care to promote healing. In patients with stage III and IV lesions, the treatment is focused on preventing secondary complications such as infection, and on promoting the closure of the lesion. 11 Treatment of lesions at these stages is often surgical, since conservative treatment is associated with a high failure rate and recurrence. [12] [13] [14] The treatment consists of adequate surgical debridement of the lesion, including the affected bone tissue, and subsequent tissue transfer to fill the dead spaces and provide adequate skin cover. 15, 16 Surgical debridement of the lesion removes the necrotic tissue, reducing the bacterial load at the site and preparing the wound bed for subsequent surgical closure. 11, 17 Regarding surgical closure, in general it is advisable to wait until the lesion has no devitalized tissue, and without any signs of infection. The primary closure of the lesion presents high rates of recurrence, 18 which leads most surgeons to avoid this approach. That is local flaps in the region are the first choice for reconstruction of sacral pressure ulcers, and several designs of previously described fasciocutaneous and myocutaneous flaps have been used. 5, 19 The myocutaneous flap of the gluteus maximus muscle with advancement in V-Y, and the rotational fasciocutaneous flap have been those we elected for reconstruction of the site.
The purpose of this study was to compare the outcome in the reconstruction of the sacral region affected by decubitus ulcer using fasciocutaneous and myocutaneous of the gluteus maximus muscle flaps.
Material and method
From March 2009 to May 2014, 32 consecutive patients were submitted to surgical treatment for closure of pressure ulcers of the sacral region, of whom, 17 were male and 15 were female, with ages ranging from 14 to 89 years (mean of 66.4 years). The lesions had different sizes, the smallest observed diameter was 4.5 × 4.0 cm and the largest 15 × 13.5 cm. At the time of reconstruction, all patients presented without necrosis, with good granulation tissue and without clinical evidence of infection. Ten patients had intestinal diversion (colostomy) prior to surgical reconstruction.
The first 17 patients were submitted to local rotational fasciocutaneous flaps closure and the 15 subsequent patients were submitted to gluteus maximus myocutaneous flaps with V-Y advancement.
Lesions smaller than 10 cm were treated with unilateral flaps and lesions larger than 10 cm with bilateral flaps. The mean time of surgical procedures was 122 min.
The associated comorbidities included: cerebrovascular accident (10 cases), Alzheimer's disease (9 cases), spinal cord trauma (6 cases), sepsis (4 cases), idiopathic myelitis (1 case), cerebral vasculitis (1 case) and myelomeningocele (1 case). Table 1 shows patient characteristics according to the treatment group.
Follow-up ranged from 2 months to 2 years and 7 months postoperatively.
In order to have a clear endpoint to measure complete wound healing, we set a cut-off of 2 months after the surgery to evaluate this rate. Unfavorable events such as dehiscence, skin necrosis, seroma and hematomas were reported in each group.
Surgical procedure
Patients were positioned prone, under general anesthesia. First, the entire capsule was removed from the lesion, and rigorous hemostasis was carried out. The region was then evaluated for the presence of bone spicules, which were removed with an osteotome when necessary. In lesions smaller than 10 cm, we chose to make unilateral flaps. For lesions with a diameter greater than 10 cm, we opted for bilateral flaps to avoid excess tension in the sutures and the need for extensive detachments.
In the first 17 cases operated, local rotational fasciocutaneous flaps were performed (10 unilateral and 7 bilateral). The flap marking was performed by a line that started at the upper or lower extremity of the lesion, and extended in an arciform shape lateral-inferior (if it started on the upper extremity) or lateral-superior (if it started on the lower extremity), as shown in Figure 1 .
The pre-marked line was then incised, down to the fascia of the gluteus maximus muscle. After rigorous hemostasis, the flap was rotated and inset with deep 2-0 Vicryl sutures. Vacuum drainage was then performed with a Blake® 15 Fr. drain, and closure was completed in layers ( Figure 2 ). Drains were withdrawn when the flow rate was less than 30 ml in 24 consecutive hours and the sutures were removed in 3 weeks. The last 15 cases to be operated were closed with a V-Y gluteus maximus myocutaneous flap. Surgical procedures followed the same sequence as above until the surgical marking. At this point, flap marking was performed by means of lines that originated at the upper and lower extremities of the lesion and progressed in a latero-lower and latero-upper directions respectively, converging laterally to form a "V" (Figure 3) .
The markings were then incised down to the fascia of the gluteus maximus muscle and the flap was advanced toward the defect, with closure of the donor area following a "Y" format ( Figure 4 ). No deep sutures were required, but vacuum drainage as well as closure in layers followed the same procedure as the former.
Results
Of the patients who underwent surgery (32) completely healed wounds were obtained within 2 months in 23 cases (71.8%) and we obtained resolution of the sacral lesions in 23 cases (71,8 %), 13 cases in the myocutaneous group and 10 cases in the fasciocutaneous group. Nine patients remained unhealed after 60 days of the first treatment. Figures 5-12 demonstrate some of the cases. Six (6) patients had complications including partial necrosis of the flap (all of them in the fasciocutaneous flap group). Twelve (12) patients had partial dehiscence of suture line, three (3) had a seroma and one had a hematoma just after the surgery.
Partial necrosis of the flaps was approached by surgical debridement and resuturing when possible (Figures 13 and 14) .
Cases with partial dehiscence were submitted to resuture of the margins, seromas were drained with complete resolution and the hematoma required immediate intervention.
Singling out patients according to the type of flap used (17 cases with local fasciocutaneous flaps and 15 cases of myocutaneous flaps of the gluteus maximus muscle in V-Y), we obtained resolution of the sacral pressure lesions in 10 cases (58.8%) with the local fasciocutaneous flap and 13 cases (86.6%) with the gluteus maximus flap in V-Y. The gluteus maximus muscle V-Y flap presented no cases of partial necrosis, and the local fasciocutaneous flap presented 6 cases with partial necrosis (35.29%). There were no cases of seroma or hematoma with the gluteus maximus flap in V-Y, and in 4 cases (26.6%), we had partial dehiscence near the intergluteal fold. The mean time of drain use was 12 days in the local fasciocutaneous flap and 5 days in the V-Y myocutaneous flap ( Table 2 ).
Discussion
In the literature, the incidence of location of pressure ulcers varies. In some series, the most frequent location is the sacral region, reaching 82.4%. 20 In others, the ischial region is the most affected. 21 This difference probably reflects the variance in characteristics of the patients studied, since paraplegic and wheelchair patients have a higher prevalence of ischial lesions. On the other hand, bedridden patients commonly develop sacral pressure lesions. Avoidance of the appearance of pressure ulcers is ideal, however once the injury has set in treatment must be undertaken. Patients who present with only local hyperemia or dermo-epidermal lesion (Stages I and II) can be treated conservatively, with local care and strict positional change. 6, 13, 17, 22 However, deeper lesions (Stages III and IV), particularly necrosis, require surgical treatment.
Initially, surgical debridement should be performed to remove the devitalized tissues. 11 Ulcers that present with necrosis or signs of infection are initially treated with surgical debridement, dressings and systemic antibiotics. Surgical closure is only performed when local conditions are favorable. The advantages of performing surgical closure include improved local hygiene, lower risk of soft tissue and bone infection, decrease of water and protein loss, reduction of hospital costs, lesser need for dressings, and improved quality of the patient's life.
Flaps of the gluteal region are usually the flaps of choice when surgical closure is indicated, 23 since the primary closure of the lesion presents a high rate of failure and recurrence. 18 Therefore, flaps such as the myocutaneous V-Y of the gluteus maximus muscle 23, 24 and local fasciocutaneous flaps have been widely used. 19, [23] [24] [25] [26] [27] [28] [29] [30] The local rotational fasciocutaneous flap is an excellent option for smaller sacral lesions in patients with an adequate subcutaneous cushion. It presents several advantages, such as the preservation of the underlying muscle, reducing morbidity of the donor area, possibility of new rotation of the flap using the same incision with or without extension in case of lesion recurrence, 31 and a better scar positioning avoiding the central area. Nevertheless, for larger lesions, unilateral flap preparation is often insufficient, requiring bilateral use and eventually small relaxation incisions in the flap to reduce tension in the central region, which possibly affects, to some extent its viability. As a disadvantage, these flaps require extensive detachment, with a greater chance of circulatory distress and seromas. Even with the use of deep sutures in our series with this type of flap, patients still had postoperative seromas (17%). The gluteus maximus muscle, with its vascularization coming from the upper and lower gluteal arteries, branches of the internal iliac artery, may be used in several presentations of myocutaneous flaps. 23, 24, 26, [28] [29] [30] 32 The gluteus maximus myocutaneous flap is one of the most reliable and safe flaps used in the management of sacral ulcers. 23, 24, 30 Originally described by Minami et al. 33 in 1977, and modified in its form of advancement to a V-Y flap by Parry and Mathes 34 in 1982, it has been used with great success for the treatment of sacral decubitus ulcers, with the benefit of facilitating closure of the donor area and avoiding hip instability caused by disinsertion of the musculature.
In our series, the first 17 patients were reconstructed with local fasciocutaneous flaps and the 15 subsequent patients with the myocutaneous flap of the gluteus maximus in V-Y. Nowadays the myocutaneous flap is our first option because we believe it has fewer complications and more safety.
We chose to raise the flaps as reported by Park and Park 19 and by Ohjimi et al., 26 who advocate not affecting muscle integrity. Preserving it as a unit allows for further mobilization if required, and by maintaining muscle function, avoids functional deficits. In our practice, this option proved to be beneficial, as shown by the higher number of successes and fewer complications. We observed earlier complications, such as seroma and hematoma in cases of reconstruction with a fasciocutaneous flap, probably due to the larger extension of the detachment area brought about by this technique. Furthermore, use of vacuum drain may be longer in the cases of local fasciocutaneous flap (12 days versus 5 days with V-Y myocutaneous flap). The rate of necrosis was also substantially higher in cases of fasciocutaneous flaps. We believe that this is related to vascularization by a random pedicle leading to less predictability; in addition, the poor tissue quality and general condition of patients, also inadequate nursing care with early positioning on the flap areas. There was no necrosis in any of the cases treated with a myocutaneous flap. However, there is no consensus in the literature on the benefit of using myocutaneous flaps in relation to fasciocutaneous flaps for closure of pressure ulcers in longterm follow-up. Thiessen and colleagues 25 showed that the myocutaneous flap is not superior to the fasciocutaneous, and that the quality of the tissue used is more important than the quantity. This may be supported by the fact that originally all pressure points in the human body are only covered by fasciocutaneous tissue, and not by muscle, 8 also the resistance of muscle tissue to pressure and ischemia is less than that of skin and fascia. Thus, we justify the option of each flap according to an individual evaluation of each case, and personal experience. Moreover, further studies are required to show the benefit of one option over the other. Several factors contribute to the appearance of pressure ulcers. Although pressure is the essential factor leading to tissue ischemia and necrosis, moisture caused by fecal and urinary incontinence reduces skin resistance and predisposes to maceration, increasing the risk of developing skin lesions. 35 In patients with defined sacral ulcers, intestinal diversion through colostomy is an excellent option to facilitate local healing 36 and allows adequate hygienic control, including that by the patient. 36, 37 In addition, this avoids fecal contamination of the surgical incisions, which can be a determinant for surgical success. It is noteworthy that the success rate for patients with colostomy, regardless of the flap used, was 70%, and for patients without colostomy it was 50% (Table 3) . Additionally, 63.63% of the patients who obtained success in treatment had previous colostomy. Besides the few number of cases and the various variables that exist, this data suggests the benefit of associating colostomy in the treatment of sacral lesions. In some cases the indication of this procedure can be very difficult due to the lack of family acceptance and even from the medical team. Despite the evident benefit to the patients when closure of the lesions is successful it must be noted that there is a high rate of relapses in the follow-up of these cases. The great difficulty in the management of these patients, associated with the severity of the underlying pathologies, leads to situations that allow new lesions. Improvement in the care of these patients associated with appropriate treatments may improve the relapse rate.
Conclusion
Surgical treatment of sacral pressure ulcers is complex, requires multidisciplinary approach and demands special surgical care in order to achieve high success rate. Local rotational fasciocutaneous flaps or gluteus maximus myocutaneous V-Y flaps may be used. The myocutaneous flap of the gluteus maximus muscle in V-Y presents the advantages of predictable blood supply, tissue for cushioning on pressure points, reduction of dead space without great functional loss. In our series of cases, this method achieved more successful results and less risk of complications than the rotational fasciocutaneous local flap.
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